Suicide rates in the United States Army have historically been lower than civilian rates (Eaton et aI., 2006) . With the advent of Operation Iraqi Freedom and Operation Enduring Freedom (OEF/ OIF), suicide rates have increased, surpassing civilian rates for the first time (Kuehn, 2009 (Kuehn, , 2010 . From 2001 to 2009, rates of suicide in the Army increased from 9 to 22 per 100,000 (Black et aI., 2011) , the highest Army suicide rate in nearly three decades (Alverez, 2009) . Past suicidality (i.e., suicidal ideation, intent and/or plan, and attempt) is one of the strongest risk factors for future attempts (Mann et aI., 2008 (Mann et aI., , 1999 as well as completed suicide (Beck et aI., 1999; Brown et aI., 2000; Nordstrom et aI., 1995) . Suicidality is associated with psychiatric disorders in both military (Gadermann et aI., 2012; Thomsen et aI., 2011) and civilian populations (Kessler et aI., 2005; Nocl< et aI., 2010; Petronis et aI., 1990) , with approximately 80% of suicide attempters and two-thirds of ideators having a preexisting psychiatric disorder (Nock et aI., 2010) . The rates of posttraumatic stress disorder (PTSD) and major depressive disorder (MDD) in the military have risen considerably relative to previous estimates, with MDD rates increasing by 20% and rates of PTSD nearly doubling (Armed Forces Health Surveillance, 2012). To date, there have been no large-scale epidemiological studies of the relationship between PTSD, depression, and suicidality in the active duty component of the United States military. 2012b). A recent meta-analysis of 50 studies indicated that while PTSD was not associated with completed suicide, it was significantly associated with prior and current suicidal ideation (SI) and prior suicide attempts (Krysinska and Lester, 2010) . These relationships remain after adjusting for psychiatric comorbidity (e.g., depression).
Depressive disorders are strongly associated with suicidal behaviors in the general population (Beautrais et al., 1996; Kessler et al., 2005; Petronis et al., 1990) . Among individuals who attempt suicide, 39-62% have a depressive disorder diagnosis (Beautrais et al., 1996; Kessler et al., 2005; Petronis et al., 1990) . Although there are some data available on the association between depression and suicidality in military samples (Bryan et al., 2013; Bush et al., 2011; Goodwin et al., 2013; Guerra et al., 2011) , most of these studies are limited to inpatient, veteran, or other non-representative samples of the U.S. military.
PTSD and depression are highly comorbid in national surveys (Cougle et al., 2009; Kessler et al., 1995) and in military samples (Calabrese et al., 2011; Galatzer-Levy et al., 2013; Milliken et al., 2007) . Among military samples, the contribution of PTSD to suicidality above and beyond that of depression has been examined in only a few studies (Bryan and Corso, 2011; Bryan et al., 2013; Griffith, 2012; Maguen et al., 2012b; Richardson et al., 2012) . Among these studies, there have been conflicting findings with regard to whether there is a significant independent association between PTSD and suicidality. Furthermore, as prior studies have been conducted with small, non-representative samples of military service members or veteran samples, associations at the population level are yet unknown. The current study includes a large, representative sample of Army active duty service members, and therefore is better equipped to allow generalization of findings to the entire U.S. Army active duty population.
The purpose of the current investigation was to determine the relationships between PTSD, depression, and suicidality in Army service members so that delivery of appropriate resources to those individuals most at risk may be facilitated. In order to better understand the independent contributions of PTSD and depression to suicidality in practical terms, we also estimated the proportion of past-year suicidality attributable to PTSD and depression in the current population.
Methods

Participants and procedures
The target population of the 2008 Department of Defense Survey of Health Related Behaviors Among Active Duty Military Personnel (DoD HRB) included all active duty service members of the United States Military with the exception of recruits, academy cadets, and those who were absent without leave or incarcerated. More detailed discussion of sampling methods can be found elsewhere (Bray et al., 2009 (Bray et al., , 2010 . A two-stage sampling method was used. First, a stratified, probability proportional to size methodology was applied, with stratification by service and region of the world. The sample was then stratified by pay grade and gender, and officers and women were oversampled to account for low numbers in these groups. The survey data were weighted to represent the active duty population, and sampling and nonresponse differences were accounted for in the weighting. Of 40,436 active duty service members sampled worldwide, 28,546 were available and completed surveys. Among Army service members, 10,400 were sampled, with 5927 responses representative of 508,088 soldiers. To examine the association of depression and PTSD to suicidality in the active Army, an analytic sample of N¼5472 was used (weighted N¼ 468,788). About 45% of the active Army was age 17-25, 86% were male, 63% were non-Hispanic white, 33% had a high school education or less, 43% were not married, and 82% were enlisted (Table 1) . Survey respondents were apprised of the anonymous and voluntary nature of the selfreport written survey. The Uniformed Services University of the Health Sciences Institutional Review Board approved this study.
Measures
Suicidality
Participants responded to a series of questions that assessed suicidality in the past year. They were asked separately, "Have you seriously considered suicide?" and "Have you ever attempted suicide?" Those who indicated that they considered suicide or attempted suicide "Within the past year" were categorized using a single dichotomous variable indicating presence or absence of past-year suicidality.
Post-traumatic stress disorder
The presence of probable PTSD was assessed with the 17-item PTSD Checklist-Civilian Version (PCL; Weathers et al., 1993) . The PCL lists all symptoms of PTSD outlined in the DSM-IV-TR. The civilian version was selected so that PTSD symptoms that resulted from either military or non-military traumas could be assessed. Respondents indicated the extent to which they had been bothered by each symptom in the past month on a scale ranging from 1 (not at all) to 5 (extremely). Responses were summed to produce PTSD symptom severity scores, ranging from 17 to 85. In this study, participants were classified as positive for PTSD if they had scores of 50 or greater and also met DSM-IV-TR symptom criteria: at least one intrusion (Criterion B), three avoidance (Criterion C), and two hyperarousal (Criterion D) symptoms, each present at the level of moderate or higher intensity during the previous month (Grieger et al., 2006; Hoge et al., 2004) . The PCL exhibits good internal consistency (Weathers et al., 1993) and high diagnostic accuracy as compared to structured clinical interviews (0.80-0.90), with a specificity of 0.97 using a cutoff score of 50 (Forbes et al., 2001) . Standardized Cronbach's alpha in the current study was 0.97, indicating high internal consistency.
Depression
The presence of probable depression was measured with the 10-item Center for Epidemiologic Studies Depression Scale (Andresen et al., 1994) , a short version of a 20-item original scale designed to measure depressive symptoms in the general population (Radloff, 1977) . Respondents indicated the extent to which they had been bothered by each symptom in the past week on a scale ranging from 0 (rarely or none of the time) to 3 (most or all of the time), and total score for the 10-item scale ranges from 0 to 30. The cutoff score for probable depression is 10 or greater (Andresen et al., 1994) . The 10-item scale has been validated against semi-structured diagnostic interviews, with AUC values of 0.87-0.88, sensitivity ratings of 0.76-0.90, and specificity ratings of 0.72-0.79 (McManus et al., 2005; Whooley et al., 1997) . Overall test-retest reliability has been found to be adequate at 0.71 over an average test-retest interval of 22 days (Andresen et al., 1994) . Standardized Cronbach's alpha in the current study was 0.82, indicating relatively high internal consistency.
Statistical analyses
SAS version 9.3 was used for all statistical analyses. Prevalence rates for past-year suicidality were computed for each predictor of interest, and chi-square tests were used to examine associations with suicidality. Bivariate (unadjusted) logistic regressions were conducted to examine relationships between psychiatric disorders (PTSD and depression) and suicidality. Demographic variables were included as covariates in all multivariate (adjusted) logistic regression models. In multivariate models, we examined independent risk of suicidality associated with PTSD and depression, with models run for each disorder individually as well as both disorders together. To further investigate the relationship between comorbidity and past-year suicidality, a multilevel variable was created to represent respondents with either PTSD alone, depression alone, both PTSD and depression, or neither disorder. Pairwise comparisons were conducted to examine whether risk of suicidality differed among the four diagnostic groups. Finally, we tested whether PTSD and depression each moderated the other's association with suicidality, with examination of both multiplicative and additive scales.
First, to test effect modification on a multiplicative scale, we included a PTSD Â depression interaction term in multivariate logistic regression models. In addition, to test effect modification on an additive scale using logistic regression modeling, we calculated whether the odds of suicidality were significantly greater (or less than) the sum of the odds for PTSD and depression separately by calculating a 'synergy index' (SI), which is derived from multivariate logistic regression coefficients (Andersson et al., 2005) . If there is a significant departure from the additive model, the SI is significantly greater than (or less than) 1. Odds ratios (ORs), 95% confidence intervals (CIs), chi-square test statistics, and the corresponding pvalues were reported for all analyses. All reported analyses were conducted while accounting for weighted data and the complex survey design.
The associations of suicidality with PTSD, MDD, and both diagnoses together were also assessed using population-attributable risk proportions (PARP). PARP is the proportion of observed suicidality that would not have occurred in the absence of one or more predictors, assuming that the coefficients in the model represent causal effects of the predictor (Greenland and Rothman, 1998) . PARP is a simulation method that provides a sense of the population-wide impact of a predictor of interest by taking into account both the prevalence of a given predictor(s), and the strength of association between that predictor and a particular outcome variable. In the current study, PARP can be interpreted as the proportion of past-year suicidality that could be prevented if PTSD, depression, or both disorders together are causally related to suicidality. The predicted probability of suicidality for each individual was calculated twice by applying coefficients of the multivariate models with and without the predictor of interest. The PARP is equal to 1 minus the ratio of the predicted prevalence estimates in the 2 specifications. All significance tests were evaluated using 2-sided po0.05. The design-based Taylor series method implemented in SAS was used for variance estimation.
Results
Six percent (weighted N¼28,143) of Army service members reported past-year suicidality (see Table 1 ). Of the service members with past-year suicidality, 80% (weighted n¼ 22,646) reported pastyear suicidal ideation and 31% (weighted n¼8663) reported past-year suicide attempts. Those with past-year suicidality were more likely to be unmarried (χ 2 ¼15.72, df¼1, po0.001), enlisted (χ 2 ¼8.79, df¼ 1, p¼ 0.003), and to have a lower education level (high school or less; χ 2 ¼14.51, df¼2, po0.001). Thirteen percent of the sample (weighted N¼58,732) had probable PTSD, and 34% (weighted N¼ 160,841) had probable depression. Of the full sample, 65% (weighted N¼302,143) had neither PTSD nor depression. Eleven percent of the sample (weighted N¼ 52,686) had both PTSD and depression. Twenty-four percent (weighted N¼113,096) had either PTSD or depression alone. PTSD without comorbid depression was rare, with only 1% of the sample (weighted N¼5567) meeting criteria for PTSD alone. In contrast, 23% of the sample had depression without comorbid PTSD (weighted N¼ 107,529).
PTSD and suicidality
Of all service members with PTSD, 18% reported past-year suicidality (see Table 2 ). Adjusting for demographics, those with PTSD were 4.7 times more likely to report past-year suicidality (Wald χ 2 ¼ 126.80, df¼1, po0.001, 95% CI¼ 3.6-6.1). After adjusting for demographics and depression, there continued to be a significant association between PTSD and past-year suicidality (OR¼ 3.1, Wald χ 2 ¼91.01, df¼1, po0.001, 95% CI¼ 2.5-3.9).
Depression and suicidality
Among those with depression, 11% reported past-year suicidality. Adjusting for demographics, those with depression were 3.2 times more likely to report past-year suicidality (Wald χ 2 ¼ 33.17, df¼ 1, p o0.001, 95% CI ¼2.1-4.7). Even after adjusting for demographics and PTSD, there continued to be a significant association between depression and past-year suicidality (OR ¼2.0, Wald χ 2 ¼9.03, df ¼1, p o0.01, 95% CI¼ 1.3-3.2).
PTSD, depression and suicidality
Of those who had one diagnosis-either PTSD or depression-8% reported past-year suicidality. Of those with neither PTSD nor depression, 3% reported past-year suicidality. For those who had both PTSD and MDD, 18% reported past-year suicidality. Adjusting for demographics, individuals with both PTSD and depression were 2.6 times more likely to have past-year suicidality than those with either diagnosis alone (Wald χ 2 ¼87.56, df¼ 1, po0.001, 95% CI¼2.1-3.2).
We then tested whether the interaction of PTSD and depression was significantly associated with past 12-months suicidality. The interaction term was not significant at p o0.05 on the multiplicative scale (Wald χ 2 ¼ 3.06, df ¼1, p ¼0.08). Using SI to test interaction on the additive scale, the interaction between PTSD and depression was also nonsignificant (SI ¼1.348, 95% CI ¼ 0.775-2.347).
Population-level associations of PTSD and depression with pastyear suicidality
Results of the PARP analysis based on our multivariate models indicate that in the active duty component of the U.S. Army, 24% of past-year suicidality is attributable to PTSD. Twenty-nine percent of past-year suicidality among U.S. Army active duty is attributable to depression. Overall, 45% of past-year suicidality in the active duty component of the U.S. Army is attributable to PTSD and depression together.
Discussion
Suicidality, including both ideation and attempts, is associated with significant costs to society in terms of medical care as well as lost productivity and wages (Palmer et al., 1998; Sinclair et al., 2006) . Past suicidality is one of the most robust risk factors for future suicide ideation (Fergusson et al., 2005; Kerr et al., 2008; Reinherz et al., 2006) , future attempts (Fergusson et al., 2005; Mann et al., 1999; Reinherz et al., 2006) , and completed suicide (Beck et al., 1999; Brown et al., 2000; Nordstrom et al., 1995) . Therefore, past-year suicide ideation and attempts-as measured in this study-are an index of risk for future completed suicide as well as future suicide attempts. Although there is one large-scale study of predictors of suicidality in the United States Army currently underway (Gilman et al., in press; Kessler et al., in press; Nock et al., in press; Schoenbaum et al., in press) , there are no nationally representative surveys of the relationship between PTSD, depression, and suicidality in the active duty component of the U.S. Army.
Comorbidity of PTSD and Depression
In the current study, 6% of service members reported past-year suicidal ideation or suicide attempts, whereas 10-12% of respondents reported lifetime or current suicidal ideation in samples of National Guard members and veterans (Calabrese et al., 2011; Guerra et al., 2011) . Twelve percent of our U.S. Army sample had PTSD, comparable to previous reports of 11-20% in other military samples (Bray et al., 2010; Hankin et al., 1999; Thomas et al., 2010) . Thirty-four percent had depression, which is similar to rates of 23-31% found in other military samples using a version of the CES-D (Hankin et al., 1999; Harbertson et al., 2013) . Among those with PTSD, 90% had comorbid depression, compared with comorbid depression rates of 46-56% in prior military samples (Calabrese et al., 2011; Guerra et al., 2011; Maguen et al., 2012a) . The rate of comorbid depression in the current study is somewhat higher than what has been previously found. This may reflect methodological differences within the studies (e.g., different samples and different measures of depression).
Among service members with PTSD, the rate of past-year suicidality (i.e., suicidal ideation or suicide attempts) in the current study was 18%. Prior studies with military samples examined suicidal ideation alone, whereas the current study examined ideation and attempts together. Rates of lifetime or current suicidal ideation previously found among those with PTSD were 33-46% (Calabrese et al., 2011; Guerra et al., 2011) .
Current respondents with PTSD were five times more likely to report past-year suicidality as those without PTSD. In previous studies, similarly increased risks associated with PTSD have been reported (Calabrese et al., 2011; Guerra et al., 2011) . Having PTSD was associated with three times the likelihood of reporting suicidality even after adjusting for depression, similar to prior research findings using military samples (Bush et al., 2011; Maguen et al., 2012b) . Having both PTSD and depression were associated with a significantly greater risk of past-year suicidality than having either PTSD or depression alone. This finding is consistent with prior studies which have also found an increased risk associated with PTSD and comorbid psychiatric disorders, including depression, relative to PTSD alone (Calabrese et al., 2011; Cougle et al., 2009; Jakupcak et al., 2009 ). The interaction between PTSD and depression was not significant in the current analysis on either multiplicative or additive scales. This suggests that the association between PTSD and past-year suicidality does not vary significantly by depression. However, as the primary purpose of the DoD HRB survey was not to test the joint effects of PTSD and depression on risk of suicidality, the current study may be underpowered to test such interaction effects (Garcia-Closas and Lubin, 1999) .
Finally, results of our PARP analysis-which can be interpreted as the proportion of past-year suicidality that could be prevented if PTSD, MDD, or both disorders together are causally related to suicidality-revealed that PTSD and depression each individually accounted for 24-29% of past-year suicidality in the active duty component of the U.S. Army. If both PTSD and depression were eliminated, a full 45% of past-year suicidality might be prevented. In a previous investigation of the association between traumatic events and suicidality, which involved 102,245 respondents (age 18 þ) from 21 countries participating in the WHO World Mental Health Surveys (Stein et al., 2010) , PARP results suggested that 15.4% of all suicidal ideation and 22.1% of suicide attempts were attributable to traumatic events. In the only prior study to examine PARPs for both PTSD and depression in association with suicidality (Bolton and Robinson, 2010) , results suggested that PTSD accounted for 6.3% of all suicide attempts, while 26.6% of all suicide attempts were attributable to depression. The current findings for the active duty component of the U.S. Army are representative of this population's demographics (i.e., primarily young, male soldiers with higher base rates of the psychiatric disorders under investigation), which may explain the differing results with respect to PARP for PTSD. These results are novel and further convey the independent burden associated with PTSD and depression in the active duty component of the U.S. Army, and the elevated risk for future suicide associated with psychiatric comorbidity.
To our knowledge, no other studies have examined the independent contributions of PTSD and depression to suicidality with a representative sample of the active duty component of the U.S. Army. Prior investigations in military samples have been conducted with small, treatment-seeking samples of active duty soldiers or veterans. Among these studies, some have found an independent association of PTSD and suicidality (Bush et al., 2011; Maguen et al., 2012b) , and others have not (Bryan and Corso, 2011; Bryan et al., 2013; Griffith, 2012; Richardson et al., 2012) . The results of this study are similar to those of large, epidemiological studies of civilian populations (Bernal et al., 2007; Bolton and Robinson, 2010; Nock et al., 2009 Sareen et al., 2007) and underscore the importance of PTSD to future suicide risk in Army soldiers.
There are several limitations to our study. First, the self-report questions on suicidality used in the survey are relatively brief and were subject to interpretation by respondents as to the meaning of "serious considered suicide" or "attempted suicide." Second, there was insufficient power to examine suicidal ideation and attempts separately for all subgroup analysis, and so these variables were combined for the current investigation. It is possible that results may have differed had each been analyzed separately. Third, as this is a cross-sectional survey, causality cannot be determined from the existing results. Further, we did not have data on whether psychiatric diagnoses were temporally antecedent to our outcome variable of interest, past-year suicidality. Future investigators should examine onset of PTSD and depression in relation to onset of suicidality in order to more accurately gauge the temporal relationship of psychiatric disorders to suicidal behaviors in the U.S. Army.
Conclusions
Six percent of a representative sample of Army service members reported either seriously considering or attempting suicide within the past year. Soldiers in the U.S. Army who have PTSD, MDD, or both disorders are at increased risk for past-year suicidality. Further research investigating suicide risk and other adverse outcomes should consider the hazards associated with having both disorders relative to either disorder alone, as few studies besides the current investigation have used this approach. Understanding the contribution of comorbidity to suicidality has implications for identification and treatment of those who are at risk, especially those exposed to chronic stressors of combat and deployment. In order to decrease future risk of suicidality, future investigators should consider the added utility of treatment modalities that address both disorders simultaneously.
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